Background. The measurement of mobility is essential to both aging research and clinical practice. A newly developed self-report measure of mobility, the mobility assessment tool-short form (MAT-sf), uses video animations to improve measurement accuracy/precision. Using a large baseline data set, we recalibrated the items, evaluated the extent to which older patients' self-efficacy (i.e., confidence) for walking was related to MAT-sf scores beyond their actual 400-m walk time, and assessed the relationship of the MAT-sf with body mass index and other clinical variables.
M
oBILITY is central to sustaining independence as people age (1, 2) , and loss of mobility confers an increased risk of institutionalization and death (3, 4) . Although objective, performance-based measures of mobility such as the 400-m walk test (5) and the Short Physical Performance Battery (SPPB) (6) have become popular among clinical researchers, self-report measures continue to play a prominent role. Taking advantage of new technology, we recently developed a short-form, 10-item mobility assessment tool (MAT-sf) that uses video animations as opposed to written or interview presented descriptions of tasks as stimuli (7) . In the current study, we evaluated the item integrity of the MAT-sf and explored in greater detail the clinical validity of the measure using a large baseline data set from the Lifestyle Interventions and Independence for Elders (LIFE) Study.
There are at least two reasons for continued interest in self-reported measures of mobility. First, performancebased assessment of mobility is not always possible due to constraints with time and space, and single bouts of performance can be influenced by transient patient variables such as physical symptoms and acute illness. Second, although there is obvious overlap between self-report and objective measures of function, older adults' perceptions often differ from objectively assessed capacities. Also, data have shown that peoples' perceptions of their abilities are important determinants of what they will do despite objective assessments of the ability in question (8, 9) . Historically, the measurement of self-reported mobility has been challenging because respondents are expected to make complex judgments about the meaning of specific tasks presented in written form or by an interviewer. Also, contextual factors that are important in making taskrelated judgments, such as the availability of a handrail in climbing stairs or the speed of completing a task, are ignored. These concerns prompted us to develop an animated video approach to assessing self-reported mobility, the MAT-sf (7, 10) .
The LIFE Study provided us with an opportunity to further examine the item calibration used in scoring the MAT-sf. More important, we set out to answer several novel clinically related questions of interest. First, motivated by previous research (8, 9) , we hypothesized that a measure of self-efficacy specific to the 400-m walk would account for independent variance in MAT-sf scores above and beyond participants' actual performance on this test. Second, because considerable attention is now being given to body mass index (BMI) and physical disability with aging (11, 12) , and the relationship appears to be curvilinear, we expected to observe a similar inverted-Ushaped pattern between BMI classifications and MAT-sf scores. Finally, we expected MAT-sf scores to be negatively influenced by chronic health conditions and that, as reported previously (7), men would have higher scores than women, scores would be directly related to SPPB performance, and inversely related to difficulty ratings for activities of daily living (ADL).
Methods

Participants
The LIFE Study eligibility criteria targeted older persons (age 70-89) who were (a) sedentary (spending < 20 min per week in the past month getting regular physical activity and reporting less than 125 min/wk of moderate physical activity); (b) at high risk for mobility disability (SPPB score of ≤ 9); (c) able to walk 400 m in ≤15 min without sitting, using a walker, or needing the help of another person; and (d) able to safely participate in the intervention. Persons with a SPPB score ≤ 7 were preferentially enrolled to enrich the sample with individuals at high risk for major mobility disability. A total of 1,635 participants were randomized at eight field centers (Supplementary Appendix), although in the current analyses we used data from 1,343 participants due to early problems that several sites had with saving MAT-sf data correctly. The problem was due to a procedure initiated specifically for use in the LIFE Study and was unrelated to the actual MAT-sf software.
Measures
Information regarding participants' demographic characteristics and comorbidities were based on responses to a structured interview. Weight was assessed in kilograms, with shoes and jackets removed, using a calibrated scale during clinical assessments. Height was measured in centimeters and converted to meters during the analysis phase of the study for the calculation of BMI.
MAT-sf.-The MAT-sf is a 10-item computer-based assessment of mobility using animated video clips and covers a broad range of functioning. The items were selected based on individual response and information curves derived from item response theory. Each item is accompanied by an animated video clip together with the responses for that question (number of minutes, number of times, yes/no). The test can be done on any laptop, and scores are saved to an exportable file. The MAT-sf has been found to have good test-retest reliability (intraclass correlation coefficient = 0.93) (7) and validity (7, 10) .
Pepper assessment tool for disability.-The pepper assessment tool for disability (PAT-D) consists of 19-items that yield three subscales and a total score (13) . The three subscales include basic ADL disability, mobility disability, and instrumental activities of daily living (IADL) disability. 400-m walk test.-The 400-m walk test is a modified version of a fast-pace mobility walking test originally developed by Newman and her colleagues (4) . In the modified version, participants are instructed to walk at their usual walking pace for 400 m (10 laps of a 20-m course defined by two cones). The maximum time allowed for the test is 15 min; participants are allowed to stop and stand to rest and may use a cane, but they are neither allowed to lean against any object to support their weight nor allowed to use a walker or to seek help from another person.
SPPB.-The SPPB is a summary performance measure consisting of three increasingly difficult standing balance tests, usual walking speed over a 4-m distance, and time for five repeated chair stands done as quickly as possible. Each performance measure is assigned a categorical score ranging from 0 (inability to complete the test) to 4 (best performing). A summary score ranging from 0 (worst performers) to 12 (best performers) is calculated by summing the three component scores. Support for the measurement properties of the SPPB has been provided by Guralnik and colleagues (6, 14) . Self-efficacy for the 400-m walk.-A measure of selfefficacy was developed for the 400-m walk based on the methodology described by Bandura (15) . After completing the 400-m walk test, participants were asked how much confidence they had in their ability to walk five different distances at the same pace 1 week hence: 5 laps, 10 laps (the same distance as today), 15 laps, 20 laps (twice as far), and 25 laps. Confidence ratings were made for each distance on a scale that ranged from 0 to 10. The verbal anchors No Confidence appeared with a value of 0, Moderate Confidence with a value of 5, and Complete Confidence with a value of 10. In the LIFE-pilot (P) study (16), we found older adults who had more severe mobility problems as defined by SPPB scores less than 7 had significantly lower mean self-efficacy scores (63.9) than those with fewer mobility problems (76.1), p < .001. Also, change in self-efficacy from 0 to 6 months was significantly related to change in satisfaction with physical function from 0 to 12 months, r = .33, p < .0001. The Cronbach alpha for this measure of self-efficacy is 0.90.
Procedures Employed to Recalibrate the MAT-sf
one goal of the present study was to recalibrate the 10 items used in the MAT-sf employing a larger and more representative sample from the study. The original calibration was conducted on a sample of N = 234 (7, 10) . In the recalibration procedure, we first combined data from the original calibration with baseline data from the LIFE Study. Subsequently, the same item response models were used to calibrate the items and the new item parameters for the 10-item MAT-sf to obtain individual scores for each participant.
Statistical Analyses
The recalibration was conducted using IRTPRo (Scientific Software International, Inc., Skokie, IL). Category response curves and information curves from the recalibration were compared with those from the first calibration. Both the difference and correlation between the mobility estimates from the two calibrations were examined for assessing the effect of the recalibration. Following the original calibration, a graded response model and a two-parameter logistic model were, respectively, used for recalibrating polytomous and dichotomous responses. We further assessed goodness of fit of the unidimensional model, item fit, differential item functioning, and ceiling and floor effects.
Descriptive statistics (mean, standard deviation, and proportion) were used to characterize the sample. Analyses of the unique relationships of the 400-m walk time and selfefficacy for the 400-m walk with both the MAT-sf and the PAT-D mobility subscale were conducted using general linear models; group comparisons including BMI classifications were made using t-tests or analysis of variance. These analyses were conducted using SAS 9.2 (SAS Institute, Cary, NC).
Results
Descriptive data illustrate that 70.2% were women, 77.3% were whites, and participants had a broad range of education ( Table 1 ). The most common comorbidity was hypertension at 69.8%, followed by diabetes at 25.3%, and cancer at 22.4%. As planned, a mean (SD) SPPB score of 7.4 (1.6) indicates that the sample had evidence of compromised physical functioning.
Item Calibration, Scoring Algorithm, and Other Relevant Metrics for the MAT-sf
The item parameters for the MAT-sf showed only slight changes in the recalibrated set, with eight items being unaffected (data not shown). For two items, 1 and Notes: NIH = National Institutes of Health; BMI = body mass index; MAT-sf = mobility assessment tool-short form; SPPB = Short Physical Performance Battery; ADL = activities of daily living; IADL = instrumental activities of daily living.
*These results on the sample of 1,343 participants did not differ from the total sample of 1,635. Percentages for each variable may not equal 100% due to a small number of missing data points.
at U. of Florida Health Science Center Library on June 24, 2013 http://biomedgerontology.oxfordjournals.org/ 2, the response categories had to be collapsed from 4 to 3 because the category characteristic curves showed poor performance as a higher ability category was dominated by a lower ability category. Figure 1 provides the "original" and "new" category response curves for these two items. The term "original" refers to the published calibration procedure with an N = 234; the term "new" refers to calibration from the current study (N = 1343) with combined categories in items #1 and #2. The category response curve is a graphical representation of the probability of answering an item with a given response at a particular level of ability on the construct being measured; here, ability represents mobility. For items that used the four category ordinal scales (0, 1, 2, and 3), each curve represents the likelihood of an individual's response to each one of the categories of functional ability for that Figure 1A and B) . A steeper category response curve generally suggests higher discriminating power of the item or item category at the location where the curve has its steepest slope. The information curve, denoted by the solid black line, indicates the amount of information contained in each item. Higher information suggests more accurate estimates of ability for a particular item or category. What is apparent in the recalibrated data for these two items, in which four categories were collapsed to three, is the very minor loss of information at ability level −0.25 for Item 1 ( Figure 1A ) and ability level 2.8 for Item 2 ( Figure 1B) . The correlation between scores using the original parameters and the new parameters approached unity (0.99).
For the recalibration sample, the overall fit of the unidimensional model was satisfactory (comparative fit index = 0.84, Tucker-Lewis index = 0.87, root mean squared error of approximation = 0.15). Individual item fit statistics also suggested that item-level goodness of fit was acceptable. The p values of the chi-square-based marginal fit statistic for the 10 items ranged from 0.73 to 0.99, showing no significant deviation from the respective fitted graded response and a two-parameter logistic model. Differential item functioning analyses were conducted for sex because it is well known that men and women differ in their perceptions of physical functioning. We found neither uniform nor nonuniform differential item functioning for sex. Finally, Figure 2 provides a plot of the MAT-sf scores versus the standard errors for these scores. As expected, this relationship was U shape. Additionally, there was only 0.1% who scored in the lowest category of the MAT-sf and 1.7% scoring in the highest category, illustrating that the measure had neither floor nor ceiling effects.
Clinical Relevance and Validity of the MAT-sf: Primary Analyses
our first analyses involved linear models that jointly regressed 400-m walk time and self-efficacy on both MAT-sf scores and the PAT-D mobility subscale. Both the 400-m walk time (seconds) and self-efficacy shared unique variance with the MAT-sf and the PAT-D; however, the MAT-sf analysis yielded an R 2 substantially larger than the PAT-D mobility analysis. For the MAT-sf (R 2 = 0.33), the respective betas (se) and t ratios for the 400-m walk and self-efficacy were −0.03 (.002), t = −14.19, p < .001 and 0.14 (.01), t = 13.48, p < .001. For the PAT-D (R 2 = 0.21), the respective betas (se) and t ratios for the 400-m walk and self-efficacy were 0.0015 (.0002), t = 9.0, p < .001 and −0.01 (.0009), t = −11.22, p < .001. Table 2 provides the means for between-group comparisons on the MAT-sf for BMI classifications and several comorbidities. Given that the BMI categories were found to be related to MAT-sf scores, p < .001, we examined group differences using a Duncan multiple comparison test and ignored the lowest BMI category (<18.5 kg/m 2 ) because it had an n = 4. This follow-up test revealed that participants with a BMI from 35 to 39.9 (class II obesity) or 40+ (class III Figure 2 . Plot of the MAT-sf scores versus the standard error (SE) for these scores.
at U. of Florida Health Science Center Library on June 24, 2013 http://biomedgerontology.oxfordjournals.org/ obesity) had lower MAT-sf scores than any other subgroup. Although we could not test for a curvilinear relationship due to the small number with a BMI less than 18.5 kg/m 2 (underweight), it is interesting to note that these four individual did exhibit compromised function as assessed by the MAT-sf. Also, neither the overweight (BMI = 25-29.9) nor the class I obesity (BMI = 30-34.9) subgroup had lower functioning than normal weight individuals (BMI = >18.5-24.9). Comorbidities that adversely affected MAT-sf scores included hypertension, arthritis, and diabetes (see Table 2 ).
Clinical Relevance and Validity of the MAT-sf: Replication of Initial Validation
Men in the LIFE Study scored higher on the MAT-sf than women, 53.6 ± 8.6 versus 48.0 ± 9.0, p < .001. Examination of relationships of the MAT-sf with 400-m walk time (seconds) and SPPB scores, controlling for gender in each analysis, illustrated that higher scores on the MAT-sf were associated with faster 400-m walk times and higher SPPB scores: beta weight (se) for 400-m walk = −2.24 (0.11), confidence interval (CI) = −2.46, −2.02, R 2 = 0.28, p < .001; SPPB = 2.02 (0.14), CI = 1.99, 2.05, R 2 = 0.20, p < .001. Similar analyses of the MAT-sf with self-reported difficulty in performing mobility related tasks, basic ADLs, and IADLs using the PAT-D were also statistically significant and accounted for substantial common variance: for mobility, beta (se) = −6.62 (0.31), CI = −7.14, −5.92, 
Discussion
The LIFE Study is the largest multicenter clinical trial to date to examine whether physical activity can delay major mobility disability among older adults of age 70-89 with compromised lower extremity function. The sample scheme was structured so that 45% of participants had a SPPB score less than or equal to 7, with no one having an SPPB score more than 9. In addition, participants had to be sedentary to qualify, yet able to complete a 400-m walk in less than or equal to 15 minutes. The current investigation used baseline data to recalibrate items in the MAT-sf using item response theory, explored several novel clinical questions related to this measure, and replicated several analyses from the original psychometric paper (7) .
Results of the recalibration procedures were highly consistent with previous findings reported on the MAT-sf items (10) and speak to the robustness of the item response theory-derived scoring algorithm used for this measure. There was an almost imperceptible loss in information following recalibration of two items and the correlation between the original and revised scoring approached unity.
one of the most interesting findings of this study were the results from linear models in which the 400-m walk time and self-efficacy related to performing the 400-m walk were regressed on scores of MAT-sf and PAT-D mobility subscale. In both analyses, performance on the 400-m walk and a related measure of self-efficacy shared significant variance with both outcomes; the magnitude of the effects for both variables were comparable. It is important to reemphasize that the self-report of mobility is far more than merely a surrogate for objective measures in that it taps into perceptions that are central in understanding older adults' willingness to engage in mobility-related activities (9), has been found to mediate improvements in mobility observed in physical activity interventions (17, 18) , and has been linked to survival in older patients with chronic obstructive pulmonary disease (19) . In fact, in a prospective epidemiological study, we found that decline in timed stair climb performance over a 30-month period among older adults with knee pain, who had low leg strength, was dramatically more pronounced among those whose baseline confidence in their ability to climb stairs was low compared with high (20) . We also point out that in the statistical models conducted in the current study, 400-m walk time and self-efficacy shared 33% in common with the MAT-sf, whereas this value was 21% for the PAT-D mobility subscale. This differential in explained variance supports the measurement advancement inherent in the MAT-sf.
The relationship observed between BMI categories and MAT-sf scores in this cohort of older adults is consistent with reports suggesting that excessive body weight is a risk factor for decline in mobility (21) (22) (23) (24) . However, it would appear that there is some protective effect associated with older adults being overweight, whereas the greatest compromise in mobility occurred in older adults who were more than or equal to Class II obesity. In a pilot study that was conducted for the main LIFE trial, Manini and colleagues (25) reported that obesity attenuated the positive effect that the physical activity intervention had on improvement in 400-m walk time. This was an interesting post hoc observation in that clinical trials of overweight and obese older adults, which have compared the relative effectiveness of walking versus walking + weight loss via intentional caloric restriction, consistently find that the combined treatment leads to better mobility-related outcomes than walking alone (12, 26, 27) . Thus, although the current cross-sectional data would seem to support the position that weight loss is not warranted for older adults who are overweight or have class I obesity, such a conclusion seems premature. That is, weight loss in conjunction with increased physical activity is considerably different than weight loss alone and may well be preferable to assuming that being overweight or having class I obesity is health protective. It is also worth noting that 45.6% of the sample would be classified as obese, data that are slightly higher than figures published by the Centers for Disease Control and Prevention (28); needless to say, older adults, even those of age 70-90, have not been spared from the obesity epidemic. Consistent with past research using self-reported measures of disability, participants in the LIFE Study who had arthritis (29, 30) , hypertension (31, 32) , or diabetes (33) had lower scores on the MAT-sf than those without these chronic health conditions, albeit the magnitude of these effects were small. Also, replicating our previous work (7), MAT-sf scores were higher for men than for women and were directly related to performance on the SPPB. MAT-sf scores were most strongly related to the mobility subscale of the PAT-D and had the weakest relationship to the subscale assessing IADLs (13) . of interest is the fact the MAT-sf scores exhibited a relatively normal distribution with only 0.1% scoring in the lowest category and 1.7% scoring in the highest category. By contrast, the distribution for the PAT-D mobility subscale was highly skewed (positive) with 25% reporting that they had no difficulty with mobility-related activities, a result that underscores the added value inherent in the MAT-sf technology.
The strengths of this investigation include a large sample size, advanced statistical methods employed to evaluate the measurement properties of the MAT-sf, and an interesting finding regarding the relationship between self-efficacy for 400-m walk performance and MAT-sf scores after controlling for actual walk time. Limitations include the cross-sectional nature of the study design and the fact that participants were excluded if their SPPB scores exceeded 9. The MAT-sf video technology offers a unique methodological advancement in the assessment of mobility; however, the current version does not include items related to transfer skills such as getting into or out of a bed or chair.
In summary, the MAT-sf scoring algorithm was found to be robust. Whereas the 400-m walk time was related to MAT-sf scores, self-efficacy for performing this test had an equally important relationship with the MAT-sf even after controlling for actual walking performance. Scores on the MAT-sf were lower when BMI was more than or equal to 35, compromised by several comorbidities, and were related to sex and performance on the SPPB in the expected direction. Thus, we conclude that the MAT-sf provides an innovative and valid tool for assessing self-report mobility in older adult populations that have evidence of mild to modest deficits in physical functioning. The longitudinal data in LIFE will enable us to evaluate the relative contributions of self-report and performance-based measures of mobility on important health outcomes.
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